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1
MULTI-AMINE FUNCTIONAL OLIGOMERS
AND METHOD FOR PRODUCING THE SAME
BY THE REDUCTION OF CORRESPONDING
OXIMES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application (under 35
U.S.C. §371) of PCT/EP2011/053411, filed Mar. 8, 2011,
which claims benefit of German Application No. 102010011
350.6, filed Mar. 12, 2010, and German Application No. 10
2010 018 785.2, filed Apr. 29, 2010, all of which are incor-
porated herein by reference in their entirety.

The present invention relates to multi-amine functional
oligomers which can be synthesized by free-radical copoly-
merization of carbon monoxide with olefins, subsequent
reaction of the keto groups with hydroxylamine to form
oximes and subsequent reduction to form amines.

Multi-amine functional oligomers are interesting reaction
partners, e.g. for isocyanates or epoxides. Molecules which
contain more than two amine groups are interesting crosslink-
ers which, together with amine-reactive compounds, such as
polyisocyanates or polyepoxides, can be linked to form three-
dimensional networks. For controlling the reactivity, the pri-
mary amino groups can also be reacted with maleic esters to
form aspartic esters, or with ketones or aldehydes to form
ketamines or aldimines. In addition, the amine groups can be
reacted with phosgene to form isocyanates. These multi-iso-
cyanate functional oligomers are likewise interesting poly-
mer building blocks.

To date, only what are termed Jeffamines are synthesiz-
able. Jeffamines are polyoxyalkyleneamines, polyethers
which contain primary amine groups at the end of the poly-
ether backbone. The ether groups impede a reaction with
phosgene to form isocyanates, since the HC1 liberated breaks
down the ether groups. In addition, the ether groups are sus-
ceptible to photodegradation.

Therefore, the synthesis of multi-amine functional oligo-
mers is desirable, the amine groups of which are situated on a
purely aliphatic hydrocarbon backbone. Such products have
not been described to date. In addition, the molecular weight
(M,) and the glass temperature (T,) should be so low that the
multi-amine functional oligomers have viscosity as low as
possible. There are various reactions for introducing amine
groups into molecules. One of these is the reduction, prefer-
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undesirable increase in molecular weight up to complete
crosslinking. In addition, secondary amines do not react with
phosgene to form isocyanates, but to form carbamoyl chlo-
rides, the chlorine of which then remains in the oligomer.
Selectivities with respect to primary amines that are observed
for the hydrogenation of low-molecular-weight oximes are
insufficient for multi-oxime functional oligomers. Hydroge-
nation of molecules which contain two or more oxime groups
to give the corresponding primary amines has not been
described to date.

It is known that carbon monoxide and olefins are polymer-
izable to form polyketones. The free-radical copolymeriza-
tion is described in Progress of Polymer Science (1997) 22,
1547-1605 or in U.S. Pat. No. 6,750,278, U.S. Pat. No. 6,541,
586, U.S. Pat. No. 6,740,718 or U.S. Pat. No. 6,642,328. The
possibility of reacting polyketones synthesizable by free-
radical polymerization with hydroxylamine to form poly-
oximes has been mentioned in U.S. Pat. No. 2,495,286.

The object of the present invention was to synthesize multi-
amine functional oligomers that have a low fraction of sec-
ondary amino groups and which have as little as possible
advancement due to formation of secondary amino groups.

Surprisingly, it has now been found that such products are
synthesizable by hydrogenation of multi-oxime functional
oligomers. The oligomers that are to be hydrogenated can be
obtained, for example, by free-radical copolymerization of
carbon monoxide with olefins and subsequent reaction with
hydroxylamine.

The invention relates to a method for producing multi-
amine functional oligomers, characterized in that first

carbon monoxide and at least one olefin are copolymerized

by a free-radical mechanism,

the carbonyl groups of the resultant copolymers are then

reacted with hydroxylamine to form multi-oxime func-
tional oligomers,

and the multi-oxime functional oligomers are then reduced

to multi-amine functional oligomers.

The invention also relates to a method for producing multi-
amine functional oligomers, characterized in that multi-
oxime functional oligomers are hydrogenated.

The invention further relates to the multi-amine functional
oligomers obtainable by the two methods described.

The invention also relates to a method corresponding to the
last-mentioned method, wherein the multi-oxime functional
oligomers that are to be used are compounds of the following
formula 1:

ably hydrogenation, of oximes to amines, wherein the oximes
can be synthesized from the corresponding ketones by reac-
tion with hydroxylamine. A systematic investigation from
JACS (1956) 78, 860-861 shows that the hydrogenation of
simple oximes over Raney cobalt or Raney nickel is less
selective with respect to the ratio of primary to secondary
amines. For multi-functional oligomeric oximes this is par-
ticularly critical, since, on the occurrence of secondary
amines, oligomer chains are linked, which can lead to an

wherein

R'=Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, n-pentyl, i-pentyl, neopen-
tyl, hexyl, heptyl, octyl, Ph, 3-CH,C,H, or 4-CH,C,H,,,
R?*—=H, Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, n-pentyl, i-pentyl,
neopentyl, hexyl, heptyl, octyl, Ph, 3-CH;C/H, or
4-CH,C.H,,

R*>—H or Me,

wherein m, n, 0, p, q, 1, s=0 to 400

and m+n+o+p+q+r+s=1 to 400
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and t=1 to 100
and u=2 to 250
or
Rl:Rzz—[CHz)u(CHR3)v(CR42)W(CH2)x(CHR5)y
(CR%).]....
wherein u, v, w, X, ¥, z=0 t0 6; u+v+w+x+y+z=3 to 6; a=3 to
6
and R® and m, n, o, p, q, 1, s, t, u have the meaning stated
above,
and the individual structural units t and u within the oligomers
can differ with respect to the parameters m, n, 0, p, g, r and/or
s.

The expression multi-oxime functional oligomers also
includes mixtures of oligomers of the formula 1.

The invention further relates to multi-amine functional
oligomers of the formula 2:
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The copolymerization is initiated by free-radical initiators
such as azo compounds or peroxides, preferably azo com-
pounds. 0.01 to 50% by weight, preferably 0.1 to 30% by
weight, particularly preferably 0.1 to 3% by weight of free-
radical initiators are used, based on the monomers. The copo-
lymerization proceeds at temperatures such that the half-life
of'the initiators used is in the range 1 min to 1 h. The reaction
is preferably carried out at a temperature of 50 to 250° C.,
preferably 70 to 180° C. The reaction temperature depends on
the decomposition temperature of the starter used and is at
least thereabove. The temperatures when 2,2'-azobis(4-meth-
oxy-2,4-dimethylvaleronitrile) is used are preferably 30 to
140° C., when 2,2'-azobis(2,4-dimethylvaleronitrile) is used,
preferably 50to 160° C., when 2,2'-azobis(2-methylbutyroni-
trile) is used, preferably 70 to 180° C. In the case of the
particularly preferably used azodiisobutyronitrile, the tem-

@

wherein

R'=Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, n-pentyl, i-pentyl, neopen-
tyl, hexyl, heptyl, octyl, Ph, 3-CH,C.H, or 4-CH,C H,,
R?>=H, Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, n-pentyl, i-pentyl,
neopentyl, hexyl, heptyl, octyl, Ph, 3-CH,C,H, or
4-CH,C.H,,

R*>—H or Me,

wherein m, n, 0, p, q, 1, s=0 to 400

and m+n+o+p+q+r+s=1 to 400

and t=1 to 100

and u=2 to 250

or

R'—R*~—[CH,),(CHR?),(CR*,),(CH,),(CHR?),
(CR®,)],..

wherein u, v, w, X, ¥, z=0 t0 6; u+v+w+x+y+z=3 to 6; a=3 to
6

and R® and m, n, o, p, q, 1, s, t, u have the meaning stated
above,

and the individual structural units t and u within the oligomers
can differ with respect to the parameters m, n, 0, p, g, r and/or
.

The expression multi-amine functional oligomers also
includes mixtures of oligomers of the formula 2.

In a preferred embodiment, olefin mixtures are used that
contain
A) an olefin selected from the group consisting of ethylene
and propylene or a mixture of propylene and ethylene and
B) atleast one higher terminal olefin and/or at least one higher
internal olefin.

Higher terminal or internal olefins for the purposes of the
invention are, e.g. 1-butene, 2-butene, butadiene, the isomers
of pentene, hexene, heptene, octene, isooctene, nonene,
decene, undecene, dodecene, higher terminal or internal alk-
enes, styrene, alpha-methylstyrene, 3- and/or 4-methylsty-
rene.

In a particularly preferred embodiment, olefin mixtures are
used that contain
A) ethylene and
B) atleast one higher terminal olefin and/or at least one higher
internal olefin.
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peratures are preferably 70 to 130° C. In the case of gaseous
or low-boiling monomers, the procedure is carried out under
pressure. When ethylene and/or propylene are used in the
olefin mixture, the partial pressure of ethylene is preferably
between 10 and 2000 bar, particularly preferably between 30
and 100 bar, and the partial pressure of CO is between 1 and
30% ofthe partial pressure of ethylene. The copolymerization
can proceed in the presence or absence, preferably in the
absence, of solvents. Suitable solvents are, inter alia, tetrahy-
drofuran, methylcyclohexane or pentane.

The molecular weight can be set via the amount of the free
radical initiator used and/or by adding a suitable regulator,
such as hydrogen or mercaptans, and suitable choice of the
reaction conditions such as temperature and partial pressure.

For the formation of the multifunctional oximes, hydroxy-
lamine is used in one to ten times the molar amount, based on
the carbonyl groups. Preferably, hydroxylamine is used as
aqueous solution or without solvent. However, it can also be
liberated in situ from salts of hydroxylamine, such as hydro-
chloride or sulfate, in aqueous or alcoholic solution with
bases. The reaction of the multi-carbonyl functional oligo-
mers with hydroxylamine can be carried out in a two-phase
mixture. Preferably, a two-phase mixture which is formed
from the multi-carbonyl functional oligomer or a solution of
the multi-carbonyl functional oligomer in an inert solvent
such as benzene, toluene, chlorobenzene or chloroform and
the aqueous hydroxylamine solution is used. In addition,
solvents that are at least partially water-soluble and inert to
hydroxylamine, such as methanol, ethanol, isopropanol,
n-propanol, n-butanol, dioxane, THF, DMF, NMP or dim-
ethylacetamide can be used as solubilizers. The reaction is
carried out at temperatures of 0 to 100° C., preferably 15 to
40° C. Then, the multifunctional oxime can be isolated by
phase separation and/or distilling off the volatile components
of the reaction mixture.

The invention also relates to a method for producing multi-
oxime functional oligomers, characterized in that copolymers
obtainable by free-radical copolymerization of carbon mon-
oxide with ethylene and/or propylene and also one or more
higher terminal or internal olefins such as 1-butene, 2-butene,
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butadiene, pentene, hexene, heptene, octene, isooctene, non-
ene, decene, undecene, dodecene or higher terminal or inter-
nal alkenes, styrene, alpha-methylstyrene, 3- and/or 4-meth-
ylstyrene are reacted with hydroxylamine to form multi-
oxime functional oligomers.

The invention also relates to multi-oxime functional oligo-
mers obtainable by this method.

The multi-oxime functional oligomers are reduced by a
suitable reducing agent, preferably molecular hydrogen,
using a selective homogeneous or heterogeneous hydrogena-
tion catalyst. The hydrogenation with hydrogen proceeds at
temperatures of 20 to 200° C., preferably 80 to 180° C.,
particularly preferably 120 to 160° C., at pressures of 10 to
200 bar, preferably 10 to 100 bar, particularly preferably 10to
50 bar in the presence of 0.1 to 20% by weight of hydroge-
nation catalyst, such as cobalt, nickel, ruthenium, rhodium,
palladium, iridium, platinum. The catalysts can be used as
Raney catalysts or on suitable supports. Preferably, Raney
cobalt, Raney nickel, or supported cobalt, nickel or ruthenium
catalysts are used. Suitable support materials are particularly
carbon and oxides such as silicon dioxide, aluminum dioxide,
mixed oxides of silicon dioxide and aluminum dioxide, and
also titanium oxide. Preferably, the hydrogenation is carried
out in the presence of ammonia, particularly preferably in an
equimolar amount, based on oxime groups. The hydrogena-
tion can be carried out in the presence or absence of solvents.
Suitable solvents are THF, dioxane or C,-C, alcohols. Other
reducing agents are alkali metals or hydrides, alanates or
boranates thereof.

If nitrile-containing free-radical initiators such as azodi-
isobutyronitrile, or 2,2'-azobis(4-methoxy-2,4-dimethylvale-
ronitrile) are used, then nitrile groups incorporated into the
polymer can likewise be reduced to primary amine groups
under the conditions of oxime reduction and contribute to the
functionality of the multi-amine functional oligomers accord-
ing to the invention.

If alkene groups or aryl groups are present in the multi-
oxime functional oligomers, these can likewise be reduced
under the conditions of oxime reduction.

The multi-amine functional oligomers according to the
invention have a molecular weight M, of 500 to 20 000,
preferably 800 to 8000 g/mol. The multi-amine functional
oligomers contain at least 2, and on average 3 to 20, amine
groups, preferably 3 to 10 amine groups. The amine number,
corresponding to the amount of KOH in mg which is equiva-
lent to the amine fraction contained in one g of substance, is
8 t0 967, preferably 20 to 120. The ratio of primary to sec-
ondary amine groups is at least 7:3, preferably at least 9:1,
particularly preferably at least 19:1.

The multi-functional oximes that are to be used have a
molecular weight M,, of 500 to 20 000, preferably 800 to 8000
g/mol. The multi-oxime functional oligomers contain at least
2, and on average 3 to 20, oxime groups, preferably 3 to 10
oxime groups. The oxime equivalent is 71 to 6700, preferably
500 to 2800 g/eq.

The multi-amine functional oligomers according to the
invention are particularly highly suitable as reaction partners
for isocyanates and epoxides, as starting materials for the
phosgenation to form multi-isocyanate functional oligomers
and for producing elastic coatings or shaped bodies. The
secondary products with dialkyl esters of maleic acid (pol-
yaspartates) and with ketones or aldehydes (polyketamines or
polyaldimines) are particularly suitable as reaction partners
for polyisocyanates.

The invention also therefore relates to the use of the multi-
amine functional oligomers according to the invention as
reaction partners for isocyanates and epoxides, as starting

10

15

20

25

30

35

40

45

50

55

60

65

6

materials for the phosgenation to form multi-isocyanate func-
tional oligomers and for the production of elastic coatings or
shaped bodies.

EXAMPLES

The CO content of the polyketones was determined from
integrating the signals obtained in the corresponding 'H
NMR spectrum. The 'H NMR spectra were measured at 400
MHz in CDCl; using a Bruker AV400. The chemical shifts
were calibrated relative to the solvent signal (CDCl;, 8=7.26
ppm).

The 'H NMR signals of the polyketones were assigned as
follows: 8=2.6 (CO—CH®*,—CH®*,—CO, Integral A), 2.4
(CO—CH*,—(CH,).,, Integral B), 1.7 (CO—CH,—C
HP,—CH,+C(CH45Y,),CN+C—CH?#(C,H,)—C, Integral
C), 1.2 ((CH,),—(CH*)—(CH,),, Integral D), 0.8 (
H7*',C(CH,),, Integral E) ppm.

The CO content of the polyketones was determined with
appropriate correction for the content of AIBN fragments
C(CH*M,),CN and n-butyl side chains (of 1-hexene) from
the integrals A, B, C, D and E via the following calculations
for the relative molar content n:

1(CO)=[(CH™)+1n(CH))]/2=(A/2+B/2)/2=(A+B)/4
n(CH®,)=A/2

n(CH,)=B/2

n(CHP,)=n(CH,)=B/2
n(CH?*)=n(H,C(CH,)3)=E/3

n(CHABN )=(C-B-E/3)/6

n(CH,)=D/2

n(CH?*';)=E/E

After multiplication of the relative molecular content n of
the individual groups by the respective molecular weight M
thereof (where M(CO)=28 g/mol, M(CH,)~15 g/mol,
M(CH,)=14 g/mol, M(CH)=13 g/mol, M(C(CH,),CN)=68
g/mol), this gives, for the CO content:

CO content =
28%n(CO) /{28 n(CO) + 14« Z[n(CHF )] + 13%n(CH™) + 15«
n(CHES" ) + 68 «n(CH{'EV ) =

T(A+B)/[14A + 21B + 13E/3 + 34(C- B-E/3) /3 + 1D + 5F]

The nitrogen content was determined by means of CHN
elemental analysis on a Vario EL.

M,, and M,, were determined by gel permeation chroma-
tography (GPC) on a SECurity GPC system from PSS Poly-
mer Service against polystyrene standards (THF as eluent for
polyketones and polyoximes, 0.1% DEAEA in THF for
polyamines; flow rate 1.0 ml/min; columns: 2xPSS SDV
linear S, 8300 mm, 5 nm; RID detector; BHT as internal
standard).

Viscosities were determined using an MCR 51 rheometer
from Anton Paar (measurement system: cone-plate principle;
heating range 23-60° C., heating rate 0.1° C./s, shear rate
250/s (constant); measuring cone: CP 25.1 (25 mm diameter),
cone angle: 1°).
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The glass transition temperatures (Tg) were determined
using a DSC Pyris 6 from Perkin Elmer. Heating method:
(=70)° C. (3 min)-(+10)° C./min-(+180)° C.-(-10)° C./min-
(=70)° C. (3 min)-(+10)° C./min-(+180)° C.

Example 1

Production of an Ethylene-Hexene-Carbon
Monoxide Copolymer

50 ml of hexene, 50 ml of methylcyclohexane and 1 g of
AIBN were charged into a 200 ml pressure reactor. 50 bar
ethylene, 10 bar carbon monoxide and 20 bar hydrogen were
charged under pressure and the mixture was heated for 18 h at
80° C. The product, after filtration and removal of the volatile
components on a rotary evaporator, was obtained as a color-
less to yellow oil.

Experiment 1

Yield: 53 g

CO content=7.1% by weight

Elemental analysis: nitrogen content=2.91%

GPC analysis: M,=1301 g/mol, M, =2272 g/mol, D(M, /
M, )=1.75
Experiment 2

Yield: 34 g

CO content=9.9% by weight

Elemental analysis: nitrogen content=4.49%

GPC analysis: M, =992 g/mol, M, =1559 g/mol, D(M, /
M,)=1.57
Experiment 3

Yield: 34 g

CO content=9.7% by weight

Elemental analysis: nitrogen content=3.5%

GPC analysis: M,=1106 g/mol, M, =1792 g/mol, D(M, /
M,)=1.62

Example 2

Production of the Polyoxime from Polyketone
According to Example 1

Experiment 1

4.3 g of'the polyketone according to example 1, experiment
1 were admixed with 4.3 g of'a 50 percent strength solution of
hydroxylamine in water and 50 ml of THF and the mixture
was stirred for 4 h under reflux. The reaction mixture was
admixed with 30 ml of dichloromethane, shaken, and the
phases were separated. After drying over MgSO,, and clarifi-
cation with activated carbon, the organic phase was concen-
trated on a rotary evaporator. This produced 4.1 g of poly-
oxime.

Elemental analysis: nitrogen content=5.95%

GPC analysis: M, =1339 g/mol, M, =2256 g/mol, D(M, /
M, )=1.68
Experiment 2

2.1 g of'the polyketone according to example 1, experiment
2 were admixed with 2.2 g of a 50 percent strength solution of
hydroxylamine in water and 50 ml of THF and the mixture
was stirred for 4 h under reflux. The reaction mixture was
admixed with 30 ml of dichloromethane, shaken, and the
phases were separated. After drying over MgSO,,, the organic
phase was concentrated by rotary evaporation. This produced
1.86 g of product. Since, according to NMR, unreacted keto
groups were still present, 1.66 g of the product were again
reacted under the same conditions with 1.7 g of a 50 percent
strength solution of hydroxylamine in water. After workup,
this produced 1.2 g of polyoxime.
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Elemental analysis: nitrogen content=8.52%

GPC analysis: M,,=1008 g/mol, M, =1515 g/mol, D(M, /
M, )=1.50
Experiment 3

3.4 g ofthe polyketone according to example 1, experiment
3, were admixed with 0.98 g of a 50 percent strength solution
ofhydroxylamine in water and 50 ml of THF and the mixture
was stirred for 4 h under reflux. The reaction mixture was
admixed with 30 ml of dichloromethane, shaken, and the
phases were separated. After drying over MgSO,,, the organic
phase was concentrated by a rotary evaporator. This produced
2.97 g of polyoxime.

Elemental analysis: nitrogen content=7.1%

GPC analysis: M,,=1109 g/mol, M, =1749 g/mol, D(M, /
M,)=1.58

Example 3

Production of the Polyamine from Polyoxime
According to Example 2

Experiment 1

50 ml of a 0.5 n solution of ammonia in dioxane, 200 mg of
Raney nickel and 3.5 g of polyoxime according to example 2,
experiment 1 were charged into a 200 ml pressure reactor. 40
bar hydrogen were introduced under pressure and the mixture
was hydrogenated for 4 h at 140° C. After filtering off the
Raney nickel and washing with THF, the filtrate was concen-
trated by rotary evaporation. This produced 3.4 g of
polyamine

Elemental analysis: nitrogen content=5.06%

GPC analysis: M,,=1363 g/mol, M, =2477 g/mol, D(M, /
M,)=1.82

Viscosity (23° C.): 20580 mPa-s

Tg<=70°C.
Experiment 2a

30 ml of a 0.5 n solution of ammonia in dioxane, 40 mg of
Raney nickel and 0.61 g of polyoxime according to example
2, experiment 2 were charged into a 200 ml pressure reactor.
The mixture was heated to 140° C., then 40 bar of hydrogen
were introduced under pressure and the mixture was hydro-
genated for 4 h at 140° C. After filtering off the Raney nickel
and washing with THEF, the filtrate was concentrated on a
rotary evaporator. This produced 0.64 g of polyamine

Elemental analysis: nitrogen content=7.59%

GPC analysis: M,=976 g/mol, M, =1580 g/mol, D(M, /
M,)=1.62

Viscosity (23° C.): 40320 mPa-s

Tg<=70°C.
Experiment 2b

30 ml of a 0.5 n solution of ammonia in dioxane, 40 mg of
Raney nickel and 0.46 g of polyoxime according to example
2, experiment 2 were charged into a 200 ml pressure reactor.
40 bar hydrogen were introduced under pressure and the
mixture was hydrogenated for 4 h at 140° C. After filtering off
the Raney nickel and washing with THF, the filtrate was
concentrated on a rotary evaporator. This produced 0.46 g of
polyamine

Elemental analysis: nitrogen content=7.30%

GPC analysis: M,=967 g/mol, M, =1555 g/mol, D(M, /
M, )=1.61

Viscosity (23° C.): 34180 mPa-s

Tg<=70°C.

A comparison of experiments 2a and 2b shows that it is not
critical for the product properties whether hydrogen is added
atroom temperature and the reaction mixture is then heated to
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reaction temperature, or whether hydrogen is added after
reaction temperature is reached.
Experiment 3

30 ml of a 0.5 n solution of ammonia in dioxane, 40 mg of
Raney nickel and 0.87 g of polyoxime according to example
2, experiment 4 were charged into a 200 ml pressure reactor.
40 bar hydrogen were introduced under pressure and the
mixture was hydrogenated for 4 h at 140° C. After filtering off
the Raney nickel and washing with THF, the filtrate was
concentrated on a rotary evaporator. This produced 0.71 g of
polyamine

Elemental analysis: nitrogen content=6.1%

GPC analysis: M,=1084 g/mol, M, =1814 g/mol, D(M, /
M, )=1.67

Viscosity (23° C.): 41570 mPa-s

T,<=70°C.

A comparison of the molecular weight of polyamine and
polyoxime shows that the selectivity with respect to primary
amines in the oxime hydrogenation is very good, since the
formation of secondary amines by linking of polymer chains
would lead to a considerable increase in molecular weight.

Comparative Example 1

Production of an Ethylene-Carbon
Monoxide-Copolymer

100 ml of methylcyclohexane and 1 g of AIBN were
charged into a 200 m1 pressure reactor. 50 bar ethylene, 10 bar

25
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carbon monoxide and 10 bar hydrogen were introduced under
pressure and the mixture was heated for 8 h at 80° C. After
expansion to atmospheric pressure, a solid-liquid mixture
was obtained.

5 By filtration, 3.27 g of a waxy solid were isolated.

GPC analysis: M,,=1800 g/mol, M, =2824 g/mol, D(M, /
M,)=1.57

By removing the volatile components of the filtrate on the
rotary evaporator, 1.38 g of an oily solid were additionally

o Obtained.

GPC analysis: M,=805 g/mol, M, =1191 g/mol, D(M,/
M,)=1.48

The example shows that the copolymerization of ethylene
and carbon monoxide, in comparison with the copolymeriza-

15 tion of ethylene, 1-hexene and carbon monoxide, leads to a

more inhomogeneous product with solid polymer compo-
nents.

Comparative Example 2

20

Effect of the Steric Requirement on the Selectivity of
the Hydrogenation of Oximes

A mixture of 7.5 g of the oxime according to table 1, 175 ml
of THF and 750 mg of Raney nickel were charged into a 200
ml pressure reactor and 40 bar of hydrogen were introduced
under pressure at 140° C. After 135 min, the reactor was
cooled to room temperature and depressurized. Raney nickel
was filtered off and the filtrate was analyzed by gas chroma-
tography. The results are summarized in table 1.

TABLE 1

Model study for the hydrogenation of monofunctional oximes

Selectivity [%o]

Primary Secondary Conversion
Substrate amine amine rate [%]
NOH . .

/\/\/\/\/ 73.1 26.9 100

HON, 79.4 20.6 100
%

HON, 87.5 12.5 100

\?

HON, 91.7 2.3 100
j\

NOH 98.5 — 100
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TABLE 1-continued
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Model study for the hydrogenation of monofunctional oxime:

Selectivity [%]

Primary Secondary Conversion
Substrate amine amine rate [%]
NOH 81.8 18.2 100
15

The experiments on model substrates make it clear that
sterically demanding oximes are hydrogenated in relatively
high selectivity to give the primary amine. Furthermore, the
experiments make it clear that linear ketoximes are hydroge-
nated to give the primary amine in a higher selectivity than
linear aldoximes.

Comparative Example 3

Effect of Ammonia on the Selectivity of the
Hydrogenation of Oximes

A mixture of 7.5 g of 2-ethylbutanaldoxime, 175 ml of
THF, 395 mg of a 28 percent strength aqueous ammonia
solution and 750 mg of Raney nickel were charged into a 200
ml pressure reactor and 40 bar of hydrogen were introduced
under pressure at 140° C. After 135 min, the reactor was
cooled to room temperature and depressurized. Raney nickel
was filtered off and the filtrate analyzed by GC. 1-amino-2-
ethylbutane was obtained as the sole product.

From the comparison with the example from table 1, entry
2, it is clear that the selectivity of the hydrogenation of oximes
over Raney nickel to give primary amines is considerably
increased from 79.4% to >99% by addition of 1 equivalent of
ammonia.

The invention claimed is:

1. A method for producing a multi-amine functional oligo-
mer, comprising

20

25

30

35

40

copolymerizing carbon monoxide and at least one olefin by
a free-radical mechanism to form a copolymer which
comprises at least one carbonyl group,
reacting the at least one carbonyl group of the resultant
copolymer with hydroxylamine to form a multi-oxime
functional oligomer, and
reducing the multi-oxime functional oligomer to a multi-
amine functional oligomer;
wherein the reduction proceeds by hydrogenation using
molecular hydrogen and wherein the hydrogenation proceeds
in the presence of ammonia.
2. The method as claimed in claim 1, wherein the at least
one olefin is an olefin mixture comprising
A) an olefin selected from the group consisting of ethylene,
propylene, and mixtures thereof, and
B) at least one further terminal and/or internal olefin dif-
ferent from A).

3. The method as claimed in claim 2, wherein component
(A) is ethylene.

4. The method as claimed in claim 2, wherein component
(B) is selected from the group consisting of 1-butene,
2-butene, butadiene, the isomers of pentene, hexene, heptene,
octene, isooctene, nonene, decene, undecene, dodecene, sty-
rene, alpha-methylstyrene, 3-methylstyrene, 4-methylsty-
rene, and mixtures thereof.

#* #* #* #* #*



